Introduction
Ionizing irradiation-induced esophagitis constitutes a major dose-limiting toxicity in the chemoradiotherapy of lung and esophagus cancer. [1] [2] [3] [4] The mouse model of irradiation-induced esophagitis has established dose, fraction size and esophageal volume-dependent toxicity. 5 MnSOD-PL intraesophageal administration 24 h prior to single fraction irradiation, or at serial time points during fractionated irradiation has been demonstrated to significantly improve radiation dose tolerance and reduce apoptosis, ulceration and associated dehydration and weight loss in the mouse model system. [5] [6] [7] We have demonstrated that bone marrow-derived progenitors of esophageal squamous epithelium engraft to the irradiated esophagus via the circulation. 8 Clearance of the esophageal progenitor cell niche is optimum about 5 days after single-fraction irradiation in an animal model system of GFP+ male donor bone marrow intravenous injection into esophageal-irradiated C57BL/6J female mice. 9, 10 Bone marrow origin progenitors of esophageal squamous epithelium demonstrate multilineage differentiation capacity in vitro forming endothelian+, vimentin+ and F480+ single cell derived colonies. 11 In the present studies, we used the ROSA mouse male donor selection system (G418-resistant, Lac-Z+, Y-chromosome+, triply selectable) cells to allow us to quantitate the magnitude of enhancement by MnSOD-PL esophageal treatment on the relative engraftment capacity and the serial transplantability of bone marrow-derived esophageal progenitor cells. The results demonstrate a significant enhancement of cell engraftment by MnSOD-PL intraesophageal administration prior to irradiation of both first-and second-generation mouse recipients of serially transplanted esophageal stem cells.
Results

ROSA male mouse bone marrow hematopoietic and stromal cells show G418 resistance in vitro and Lac-Z+ positivity
We first evaluated the robustness of donor male C57BL/ 6J. ROSA.G418.Lac-Z+ bone marrow displaying G418 resistance in vitro. Bone marrow cells freshly removed from ROSA male control C57BL/6NHsd male mice were first cultured in 0.8% semi-solid Methylcellulosecontaining medium in the presence of G-CSF, IL-3, EPO and other cytokines that have stimulated its capacity for proliferation of hematopoietic progenitor cells and also non-adherent cells. 10 We quantitated the effect of G418 on colony formation by adherent bone marrow stromal cells (mesenchymal stem cells) and the bone marrow cells from each mouse were cultured in increasing concentrations of neomycin (to demonstrate G418 resistance). The results are shown in Table 1 and demonstrate a 50-fold resistance of ROSA male marrow stromal cells to G418 compared to control mouse marrow. Hematopoietic cells from ROSA mice forming nonadherent colonies in semi-solid medium showed a 100-fold increased resistance to G418. Over 80% of both adherent and non-adherent (semi-solid medium) colonyforming cells were Lac-Z+. A mixture of 50% ROSA male and C57BL/6NHsd male bone marrow cells cultured in the optimal concentration of G418 gave a result of 50% colony formation compared to that of pure ROSA male hematopoietic or stromal cells. These results establish that the donor bone marrow cells showed selective capacity for growth in neomycin in vitro and that the cells continued to express Lac-Z+ in colony formation in the presence of neomycin. The results supported the high likelihood of detection of male bone marrow-derived cells in the esophagus of engrafted mice in vivo when explanted to in vitro culture conditions.
Intraesophageal MnSOD-PL pretreatment enhances engraftment of ROSA male donor marrow progenitors of esophageal squamous epithelium to irradiated female C57BL/6NHsd mice Groups of 10 C57BL/6NHsd mice were treated with intraesophageal administration of MnSOD-PL (0.1 ml containing 100 mg plasmid) or received no intraesophageal pretreatment. Previous studies have documented the lack of effect of blank plasmid control liposomes in radiation protection of the esophagus. 6, 7 Mice were then irradiated to 29 Gy to the upper body. The abdomen and head were shielded according to the methods prescribed. 2 Five days after esophageal irradiation (the time previously demonstrated to correlate to optimal apoptosis detection in the recipient esophagus), 9 the mice received intravenous injection of 1 Â 10 6 ROSA male whole bone marrow cells. Mice in the groups receiving no prior liposome administration showed 80% lethality by 20 days. These results confirm and extend the results from a previous publication. 5 In contrast, mice receiving MnSOD-PL administration prior to irradiation and cells transplant showed 100% survival at 15 days.
The esophagus from first-generation recipient mice was removed and 50% was prepared as a single cell suspension. The other 50% was fixed and stained in situ for Lac-Z+ positive foci, indicating the presence of donor marrow-derived cells.
As shown in Figure 1a , positive control ROSA male mouse esophagus has shown uniform Lac-Z+ positivity. Figure 1b shows a lack of detectable Lac-Z+ in negative control C57BL/6J female esophagus. In Figure 1c , the esophagus of a C57BL/6NHsd female mouse engrafted with ROSA male donor bone marrow cells and examined at day 14 shows multiple foci of Lac-Z+ cells (first transfer). Figure 1d shows the esophagus of a mouse from the second transfer generation and a second recipient in the second generation is shown in Figure  1e . Y probe positive foci were increased in the MnSOD-PL-treated recipients of first-and second-generation cell transplants ( Table 2) .
The results showed that the increased number of Lac-Z+ foci derived from donor bone marrow cells correlated with increased G418-resistant esophageal colonies in all mouse groups tested ( Table 2 ). There was a significant increase in Lac-Z+ cell foci in the group that received MnSOD-PL prior to irradiation and cell transplant. These results confirm and extend a prior publication using GFP+ male marrow cells as the donor. 8 Single cell suspensions of esophagus from all groups were sorted by Hoechst 33342 dye and propidium iodine by the sorting technique according to previous publications 11 to separate the side population (SP) fraction known to contain multilineage stem cells and non-side population (NSP cells).
SP and NSP cells from the MnSOD-PL pretreated mice showed an increase in both the total number and multilineage differentiation capacity in vitro of SP and NSP cells compared to similar cells from the controlirradiated mice. There was a significant increase in the in vitro colonies of adherent and non-adherent multilineage (endothelian/vimentin/F480) positive cells formed by the SP and NSP cells derived from the esophagus of the MnSOD-PL-treated mice compared to those harvested from the irradiated control mice (Figures 2 and 3) . Y probe positive cells were detected in colonies grown in G418 (Figures 3c and d) . Figure 4 shows Vimentin-and endothelin-positive cells detected by immunohistochemistry. Figure 5 shows the Lac-Z+ positivity of these cells.
The relative percentages of Lac-Z+ and Y+ cells in colonies derived from SP and NSP sorted populations from explanted esophagus specimens from first G418 cultures contained 250 mg ml À1 . *Po0.0001 compared to C57BL/6J.
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Y Niu et al Figure 1 Detection of Lac-Z+ expression in esophagus from first-and second-generation male ROSA marrow cell engrafted mice. The esophagus was excised from each irradiated female C57BL/6NHsd mouse (first generation) at day 14 after intravenous injection of bone marrow from ROSA male mice and from each second-generation recipient mouse at day 14 after intravenous injection of esophageal SP cells obtained from the esophagus of first-generation mice as described in the methods. Photographs of representative fields from: (a) ROSA male mouse esophagus, positive control, (b) C57BL/6NHsd female mouse, negative control, (c) MnSOD-PL-treated first-generation recipient of whole ROSA male mouse marrow and (d, e) MnSOD-PL-treated second-generation recipients of SP cells from first-generation recipient (two different mice). The esophagi were frozen in OCT, sectioned and stained for Lac-Z+ expression using an anti-Lac-Z+ antibody. Lac-Z+ expression is shown by the arrows in the ROSA male mouse (a), first generation recipient mouse (c) or second generation recipient mice (d, e) ( Â 100). MnSOD-PL esophagus treatment increases engraftment Y Niu et al generation ( Figure 6 ) and second generation ( Figure 7 ) recipients indicated that MnSOD-PL pretreatment enhanced engraftment of donor marrow-derived cells in both generations of recipients. There was a significant increase in overall Lac-Z+ cells and Lac-Z+ multilineage colony-forming cells derived from the esophagus of MnSOD-PL pretreated compared to control-irradiated mice. Thus, the total number of multilineage colony forming cells as well as the total SP and NSP cell population that was of donor bone marrow origin was most significantly increased by MnSOD-PL pretreatment of the esophagus ( Figures 6 and 7 ). The sections of the esophagus that we studied contain approximately 1 Â 10 6 cells of which SP cells make up 0.5-1% (5000 to 10 000 cells). The SP esophagus cells from the first-generation recipient MnSOD-PL treated mice had 18% or 900 to 1800 cells that were Lac-Z+. This number represents 0.09-0.18% of the donor ROSA bone marrow cells injected. In the control-irradiated firstgeneration mice, 450-900 SP cells were Lac-Z+ and came from donor cells (0.05-0.09% of the injected cells). In second-generation recipient mice, 4000 SP cells from first-generation recipient mice were injected. In MnSOD-PL treated second-generation recipient mice injected with esophageal SP cells from the first-generation MnSOD-PL-treated mice, 10% of the explanted esophageal SP cells were Lac-Z+, 500 to 1000 cells (which represent 12.5-25% of the injected first-generation SP cells). In contrast, second-generation control-irradiated mice had in their esophagus 4% Lac-Z+ SP cells (200-400 cells, 5-10%) from the irradiated control mouse firstgeneration esophageal SP cells. Therefore, pretreatment with MnSOD-PL allowed a higher percent of donor cells to engraft into the esophagus of first-and secondgeneration recipients.
MnSOD-PL pretreated second-generation esophagus-irradiated recipients of esophageal SP cells from MnSOD-PL-pretreated first-generation recipients show greatest increase in engraftment capacity
The second generation recipients in the serial transfer experiment were prepared by dividing mice into two groups. One group received MnSOD-PL intraesophageally administered 24 h prior to radiation and the second group received irradiation alone. All groups were MnSOD-PL esophagus treatment increases engraftment Y Niu et al irradiated to 29 Gy to the esophagus and 5 days later the subgroups were engrafted with either SP or NSP cells from first-generation recipient normal esophagus (1 Â 10 5 ) I.V. 5 days after irradiation. At 14 days after irradiation, the esophagus from second-generation recipients was excised and prepared as described in the methods section in the same way as the preparation of cells from first-generation recipients.
Second-generation recipient mouse esophagus-derived SP and NSP cells were removed and placed into in vitro assays for adherent and non-adherent G418-resistant colonies. The highest percentage of Lac-Z+, G418 (neomycin)-resistant adherent and non-adherent colony-forming cells was found in the esophagus of MnSOD-PL pretreated mice (Figures 8 and 9 ). Y+ colonies were increased in G418-resistant colonies from MnSOD-PL-treated esophagus explants (Figures 7  and 10 ). The relative percentage of donor male ROSA bone marrow-derived esophageal colony-forming cells was found in the SP population of the MnSOD-PLpretreated second-generation mice who received SP cells from the MnSOD-PL pretreated first-generation recipient esophagus ( Figure 7 ). This percentage was elevated above the level detected in first-generation recipient mice. While NSP cells removed from the secondgeneration recipient esophagus of MnSOD-PL pretreated mice showed an increase in the relative number of donor male ROSA+ derived esophageal colonies compared to all other groups, these numbers did not exceed the numbers detected using SP cells.
In vitro colonies formed by G418-resistant SP and NSP cells from the MnSOD-PL pretreated second-generation mice also showed increased expression of vimentin, endothelin and F4/80 compared to the second-generation control mice (Figures 8 and 9 ). The esophagus from secondgeneration MnSOD-PL pretreated mice that had been injected with either esophageal SP or NSP first-generation MnSOD-PL pretreated mice also showed a significant increase in the expression of vimentin or endothelin in Lac-Z+, G418-resistant cells of donor marrow origin.
Discussion
Ionizing irradiation induces cytotoxicity in organs through a complex interaction of acute and chronic responses. Radical oxygen species (ROS) induced by ionizing irradiation produced cellular DNA strand breaks, 3 communication of stress response kinase signaling to the mitochondria, 12,13 apoptotic events 12 and then secondary waves of apoptosis induced by cytokines released from injured tissues. 6 Such irradiation effects in the hours/days after exposure have been utilized to clear space in irradiated organs for cell engraftment. 14, 15 This technique has been the mainstay of bone marrow transplantation in both model systems and in the clinic. Irradiation also facilitates engraftment of intravenously delivered tissue-specific stem cell populations, embryonic stem cells or bone marrow stem cells. 16, 17 The notion that ionizing irradiation simultaneously damages the organ-specific microenvironment has recently become a subject of intense investigation. 8, 14, 15, 18 Production of ROS by cells of the organ-specific microenvironment has been demonstrated to persist for weeks to months after radiation exposure.
6,9 Lipid peroxidation 
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has been demonstrated to peak in activity days after irradiation to the esophagus. 9 The question of whether radiation clearing of specific cell engraftment space by induction of early apoptotic events could be separated from delayed ROS-mediated toxicity has become a subject of recent interest, particularly as it has become clear that ROS-producing microenvironmental cells can induce toxicity in the engrafting nonirradiated cells. Toxicity expressed as DNA strand breaks, apoptosis, chromosome instability or induction of stress response genes in nonirradiated cells co-cultivated irradiated stromal cells in vitro has been demonstrated, 19 and either humoral or cell contact transmission of toxicity has been described as the radiation bystander effect. 20 The magnitude of bystander effect toxicity from engrafting stem cells in irradiated microenvironment has not been fully investigated.
In the present studies, we determined whether ROS and cytokine production by the irradiated esophageal microenvironment, which is decreased by MnSOD-PL administration, 6, 7 would have a beneficial effect on either the magnitude or robustness of engrafting marrowderived progenitors of esophageal squamous epithelium. Two assay techniques were utilized to measure the effects of MnSOD-PL on stem cell engraftment: serial transplantability of donor-derived esophageal squamous cell foci producing cells in vivo and the number of donor bone marrow-derived multilineage progenitor cells in vitro.
C57BL/6NHsd female mice were irradiated to the esophagus and injected intravenously with two sources of donor male bone marrow cells. In the first experiments, male ROSA marrow was utilized, carrying with it three marker genes, Lac-Z+ positivity, G418 resistance and Y-chromosome. Recipient mice pretreated with MnSOD-PL prior to irradiation, but not irradiation alone, showed a significant increase in engraftment of donor marrow-derived cells. This was detected as donor marrow origin colonies in explanted esophagus in situ and also in G418-resistant colony formation by both adherent and non-adherent cells in semi-solid medium culture. Donor markers of Lac-Z+, neomycin and Yprobe positivity were consistently elevated in MnSOD-PL pretreated esophagus samples. Explanted esophagus samples were sorted into SP (stem cell-enriched) and NSP populations, and these were injected intravenously into a second generation of C57BL/6J female mice irradiated to the esophagus. This serial transfer experiment has been the mainstay of measuring self-renewal of bone marrow stem cells, and it is one of the established 'gold standard' assays for stem cell biology. 21, 22 Secondgeneration mice pretreated with MnSOD-PL to the esophagus prior to irradiation, but not those mice in groups receiving no pretreatment, showed increased engraftment of SP and NSP cells from first-generation esophagus explants. These assays reflected the original bone marrow Lac-Z+, G418-resistant, Y-probe+ cells from the original marrow donors. These assays in secondgeneration recipients measure the number of cells transplanting from the first-generation esophagus recipients as these were LAC-Z+ and G418-resistant. Utilizing the assays for donor bone marrow origin reflecting passage through the first generation recipients, those animals in the second generation that were pretreated with MnSOD-PL showed the greatest engraftment frequency. 
Injection of bone marrow into mice receiving esophageal irradiation does have a functional role in protecting the esophagus from irradiation. Previously, it was demonstrated that C57BL/6NHsd mice irradiated to 30 Gy and then injected intravenously with bone marrow (5 Â 10 4 to 1 Â 10 6 cells) showed increased survival. 8 Mice receiving 1 Â 10 6 bone marrow cells in that study just as mice in our present experiments had increased survival compared to control-irradiated mice (P ¼ 0.0214). 8 The present data further demonstrate that the engraftment of bone marrow cells into the esophagus has a role in decreasing irradiation-induced esophagitis.
These results establish that intraesophageal MnSOD-PL administration increases the engraftment capacity of donor bone marrow-derived progenitors of esophageal squamous epithelium. They also confirm and extend a previous publication that the marrow is a source of reconstitution of the irradiation damaged esophagus and that it provides a source of multilineage epithelial cells. 8 In a prior report, the more limited definition of 'progenitors of esophageal squamous epithelium' was used. In the present report, these cells have now been shown to demonstrate serial transfer capacity, or serial self-renewal 8, 23 suggesting that they may be esophageal organ-specific stem cells, which were of marrow origin.
We do not know if all of the donor ROSA cells isolated in the SP and NSP fractions have retained the ability to proliferate. Some of the isolated SP and NSP cells maintain their ability to grow in tissue culture and differentiate into vimentin-or endothelin-positive colonies. In the esophagus, primitive cells lining the mucosal layer are thought to divide, differentiate and migrate through the squamous layer and are lost into the esophageal lumen over time. These primitive dividing cells are thought to be esophageal stem cells. Stem cells are located in the SP fraction, but some stem cell activity is detected in NSP cells as well. This result is supported by our data, which show that cells from both the firstgeneration SP and NSPs fraction can engraft into the The present results may have wide application for bone marrow-derived stem cell engraftment to other organs, including lung, 24 oral cavity, 25, 26 liver, pancreas and bone marrow. Antioxidant gene therapy treatment of the irradiated or cytotoxic drug-treated microenvironment may prove to be a valuable technique by which to 'stretch' donor bone marrow stem cell numbers to provide therapeutic recovery of a greater number of recipients. Such technology would have potential application in the treatment of thoracic cancer patients in whom the esophagus receives a high dose of irradiation or in the therapy of total body-irradiated survivors of a nuclear accident or deliberate nuclear terrorism event.
Materials and methods
Mice
Adult female C57BL/6NHsd mice (Harlan SpragueDawley, Indianapolis, IN, USA) and male B6. 129S7-Gt (ROSA) 26S OR/J mice referred to as (ROSA Lac-Z+ transgenic mice) 27 (Jackson Laboratories, Bar Harbor, ME, USA) were housed five per cage according to institutional IACUC protocols.
MnSOD-PL treatment and esophageal irradiation
Female C57BL/6NHsd mice (groups of 10) received intraesophageal administration of 100 ml of water followed by 100 ml of MnSOD-PL (100 mg plasmid DNA) by placing a feeding tube attached to a 1 cc syringe at the top of the esophagus and placing 100 ml into the top of the esophagus allowing the mice to swallow. 5 Twentyfour hours later, the MnSOD-PL-treated mice and control mice were irradiated to a dose of 29 Gy to the esophagus using a linear accelerator as published. 5 Only the pulmonary cavity was irradiated, with the remainder of the body shielded from the irradiation as described previously. 8 Five days later, bone marrow was isolated from the femurs of ROSA male mice and 1 Â 10 6 single-cell suspended bone marrow cells were injected intravenously into the irradiated mice.
These first-generation recipient mice were killed 14 days later, the esophagus was removed and analyzed by histologic evaluation 5 or the cells in single-cell suspension were sorted for SP and NSP cells as described. 11 The SP and NSP populations were injected i.v. into second-generation recipient 29 Gy upper body-irradiated MnSOD-PL intraesophageal treated or control mice 5 days after irradiation as described above for firstgeneration recipients. The second-generation recipient mice were killed 14 days later, the esophagus was 
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8,10
Explant of esophagus for histology and sorting of SP population cells
Fourteen days after injection of bone marrow, the first-or second-generation recipient mice were euthanized and the esophagus excised and removed. The esophagi were either prepared into single-cell suspensions as described 11 and sorted for SP and NSP cells, or the esophagus was frozen in OCT, sectioned and examined for Lac-Z+ expression in epithelial cells in situ using an anti-Lac-Z+ antibody (Sigma B-9271, Sigma Chemical Company, St Louis, MO, USA) and Mouse Rapid Staining Kit (Quik1, Sigma Chemical Company, St Louis, MO, USA).
For histology, the sections were allowed to air dry for 30 min, fixed in 10% formalin for 20 min at room temperature, washed in PBS three times and non-specific binding blocked by incubation of the sections in 10% sheep serum (Sigma Chemical Company, St Louis, MO, USA) for 1 h at room temperature. The sections were then incubated in a 1:200 dilution of the biotinylated antiLac-Z+ antibody for 2 h in a humidity box at room temperature. The slides were then washed in PBS and two drops of biotinylated labeled anti-goat secondary antibody was added to each section for 5 min, washed in PBS followed by the addition of two drops of ExtrAvidinPeroxidase reagent for 5 min, washed in PBS and two drops of 3-amino-9-ethylcarbazole and incubated at 37 1C until the peroxidase activity was detected.
To sort the SP and NSP cell populations, the esophagi were individually digested in a solution of 0.1% trypsin, 0.2% type II collagenase and 240 U of grade II dispase (Sigma Chemical Company, St Louis, MO, USA) for 1 h at 37 1C. The cells were cytocentrifuged and resuspended in DMEM media, drawn through proportionately smaller gauge needles to a 27 gauge needle and filtered through a 100 mM filter and then a 45 mM filter to remove cell clumps. The cells were resuspended at 1 Â 10 6 cells ml À1 in prewarmed DMEM+ (DMEM, 2% FBS and 10 mM Hepes buffer) and stained with Hoechst 33342 dye at a final concentration of 6 mg ml À1 for 90 min at 37 1C. The cells were washed and resuspended in 150 ml of cold HBSS+ containing 2% FCS and 10 mM Hepes buffer containing anti-CD45 and TER119 for 30 min at 37 1C. Propidium iodide (2 mg ml
À1
) was added to the cells for discrimination of dead cells. The SP and NSP cell populations were isolated by flow cytometer.
11
Assay for single and multilineage esophageal progenitor cell colony-forming cells in vitro SP and NSP cells were cultured in 96-well plates in DMEM media alone or media containing G418 (250 mg ml À1 ), 10% FBS, 1% glutamine and 1% penicillin/strep or in 4% methylcellulose containing 10% FBS, 250 mg ml À1 G418, 10% sodium bicarbonate and 1% penicillin/strep as published. 10 Seven days later, the cells growing in DMEM media were fixed with methanol and stained with antibodies for Lac-Z+, vimentin, endothelin and F4/80 as described below. Fourteen days after plating, the non-adherent cells grown in methylcellulose were isolated by adding water to the methylcellulose and spinning down the cells. These cells were cytospun onto slides and fixed with methanol. The cells were stained for Lac-Z+ using the methods described above. 11 Following fixation of the cells, they were analyzed for expression of vimentin, endothelin or F4/ 80, as published, 11 by washing the slides twice in PBS and incubating the cells in a 1:200 dilution of goat antivimentin (C-20, Santa Cruz Biotechnology, Santa Cruz, CA, USA), mouse anti-endothelin (Ab-2, PC266 Calbiochem, San Diego, CA, USA) or PE-conjugated F4/80 (L11209, Caltag Laboratories, Burlingame, CA, USA) for 2 h at 37 1C. The cells were washed with PBS and stained with antibodies to vimentin or endothelin incubated with FITC anti-mouse or FITC anti-goat IgG secondary antibodies for 1 h at room temperature. The slides were washed twice with PBS and covered with anti-fade and coverslipped. The sections were examined under a fluorescent microscope and the percent of cells positive for each marker protein determined by scoring 1000 cells in each of 10 samples per esophagus for at least 5 samples per point.
In vitro or in situ hybridization for detection of the Y chromosome
To demonstrate the presence of the Y chromosome in cells or colonies grown in vitro or in situ in the esophagus of female C57BL/6NHsd mice following irradiation, colonies on coverslips or esophagus sections were stained using a murine Y chromosome hybridization kit from CamBio (Cambridge, UK). Briefly, colonies or esophagus sections were fixed with a 3:1 mixture of methanol/acetic acid for 30 min, incubated in proteinase K (10 mg ml À1 ) for 45 min at 37 1C and dehydrated by serial ethanol washes for 2 min each in 70% (vol/vol) ethanol, 90%, and 5 min in 100% ethanol. The sections were air dried overnight and denatured by incubating the sections in prewarmed denaturation solution (70% deionized formamide and 30% Â 2 saline sodium citrate (SSC) (8.76 g NaCl, 4.41 g Na citrate, 500 ml doubledistilled water, pH 7.4)) at 86 1C for 2 min. The denaturation was quenched by placing the slides in icecold 70% (vol/vol) ethanol for 4 min and dehydration by serial washing in ethanol as described above. Twentyfour hours later, the sections were hybridized overnight in the dark at 37 1C with the Y probe. The sections were washed in Â 2 SSC buffer for 5 min, twice in stringency wash solution (50 ml deionized formamide plus 50 ml Â 1 SSC) for 5 min at 45 1C, twice in Â 1 SSC at 45 1C and incubated for 4 min in detergent wash solution (500 ml of Â 4 SSC and 250 ml Tween 20) at 45 1C. The slides were drained and mounted with 50 ml of working reagent B (15 ml working reagent A (DAPI stain) plus 500 ml of mountant (antifade)). The slides were covered with glass coverslips, sealed with nail varnish and stored in the dark at 4 1C. The possibility of cell fusion, detected by scoring number of X chromosome in each Y probe positive cell could not be excluded. 28, 29 Statistics Different groups were compared for statistical significance using a Student's t-test. 
